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Starting with high scale mixing unification hypothesis, we investigate the renor-
malization group evolution of mixing parameters and masses for Dirac type neu-
trinos. Following this hypothesis, the PMNS mixing angles and phase are taken
to be identical to the CKM ones at a unifying high scale. Then, they are evolved
to a low scale using renormalization-group equations. The notable feature of this
hypothesis is that renormalization group evolution with quasi-degenerate mass pat-
tern can explain largeness of leptonic mixing angles even for Dirac neutrinos. The
renormalization group evolution “naturally” results in a non-zero and small value of
leptonic mixing angle θ13. One of the important predictions of this work is that the
mixing angle θ23 is non-maximal and lies only in the second octant. We also derive
constraints on the allowed parameter range for the SUSY breaking and unification
scales for which this hypothesis works. The results are novel and can be tested by
present and future experiments.
PACS numbers: 14.60.Pq, 11.10.Hi, 11.30.Hv, 12.15.Lk
One of the most important open questions in neutrino physics is whether neutrinos are
Dirac or Majorana particles. There are dedicated ongoing experiments with the sole ob-
jective to determine the nature of neutrinos [1–4]. Answering this question is essential in
finding the underlying theory of neutrino masses and mixing. From theoretical perspective,
Majorana neutrinos provide an elegant explanation for the observed smallness of neutrino
masses through the celebrated sea-saw mechanism [5–9]. However, even for the Dirac neu-
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2trinos, there exist a number of appealing models which can explain the smallness of neutrino
masses. The smallness of the masses in these models is explained in various ways such as
from gauged B − L symmetry, by using extra heavy degrees of freedom, from Ka¨hler po-
tential of supergravity, from Grand Unified Theory (GUT) or compactification scales etc.
[10–16]. For further details on alternatives to see-saw mechanism, see [17–19].
Furthermore, from the cosmological perspective there is no compelling reason to prefer
Majorana neutrinos over Dirac neutrinos. For example, Dirac neutrinos can also provide
a satisfactory explanation of the observed baryon asymmetry [20, 21]. Therefore, Dirac
neutrinos are as plausible as Majorana ones and only experiments can settle this issue. The
various experiments [1–4] looking for neutrinoless double beta decay have not seen any signal
so far. Hence, in view of above considerations it is important to investigate various possible
scenarios for Dirac neutrinos.
The neutrino oscillation parameters are the guiding light for model building. Present
experimental scenario of neutrino physics is quite exciting due to recent measurement of
the mixing angle θ13, which is now established to be non-zero [22–26]. As a result of this
rather precise measurement, many neutrino models are facing stringent constraints [27].
Therefore, it is worthwhile to explore, in details, any scenario which “naturally” predicts
non-zero value of θ13. One such promising scenario is the ‘High Scale Mixing Unification’
(HSMU) hypothesis, which was proposed and studied in the context of Majorana neutrinos
[28–31]. For a recent analysis see [32–34]1. The central idea of this hypothesis is that the
mixing parameters of the quark sector become identical to those of neutrino sector at some
unification scale, which may be the GUT scale.
On theoretical side, in addition to the gauge coupling unification, GUT also unify quarks
and leptons in a joint representation of the GUT symmetry group [36, 37]. As a consequence,
flavor structures of quark and lepton sectors are no longer disconnected. This can lead to the
relations between quark and lepton mixing angles [38, 39]. It is quite natural and appealing
that HSMU may be a footprint of such an underlying GUT.
In the earlier works on HSMU hypothesis, it has been shown that, if neutrinos are Ma-
jorana particles, have a normal hierarchy and quasi-degenerate mass spectrum, the HSMU
hypothesis can explain the experimentally measured neutrino mixing parameters with min-
1 A similar approach can also be found in [35].
3imal supersymmetric standard model (MSSM) as an extension of the standard model (SM)
[28–31]. At this point, we would like to point out that the inverted hierarchy of neutrino
masses is not compatible with HSMU hypothesis, as it does not lead to the radiative mag-
nification of the mixing angles [28, 29].
There are several reasons (both theoretical and experimental) which indicate that HSMU
hypothesis is more natural for Dirac neutrinos than Majorana neutrinos. If neutrinos are
Majorana particles, then the PMNS-matrix has 6 independent parameters; 3-mixing an-
gles, 1-Dirac phase and 2-Majorana phases. On the other hand CKM-matrix has only 4
independent parameters; 3-mixing angles and 1-Dirac phase. Thus, there is a clear mis-
match between number of parameters on two sides and hence a one-to-one correspondence
is impossible.
In the previous works on HSMU for Majorana neutrinos (cf. [28–34]), an extra ad hoc
assumption for the initial value of Majorana phases had to be made. They were either fixed
at zero or treated as free parameters. Since Majorana phases enter in the RG running of all
other parameters [40], depending on their chosen values they can drastically change the RG
running of other parameters. Hence, for Majorana neutrinos, the final results following from
HSMU hypothesis depend strongly on the ad hoc choice of Majorana phases. In contrast,
the Dirac neutrino case is unambiguous as the CKM mixing parameters can be mapped in
an exact one-to-one correspondence with the mixing angles and phase of the PMNS matrix
at the unification scale.
Furthermore, the Majorana case faces additional difficulties in explaining the present
neutrino oscillation data. The RG running of ∆m2sol to low scales, leads to values larger
than the present 3σ range (cf. [29, 32–34] for details). Although, this mismatch can be
explained by SUSY threshold corrections2 but such an explanation requires the ratio of
sleptons masses to be in a particular range. This is another ad hoc requirement that one has
to impose for Majorana case in order to explain the present oscillation data. On other hand,
in this letter, we show that the RG evolution in Dirac case satisfies the current neutrino
oscillation data pretty well without any threshold corrections.
In view of the above discussion, in this letter, we aim to investigate the HSMU hypothesis
2 If Majorana phases are assumed to satisfy a particular constraint equation, then there exist a parameter
space where no threshold corrections are needed (see [31, 34] for further details).
4in a model independent setup, assuming that the nature of neutrinos is Dirac type and assay
our predictions on the face of present experimental neutrino oscillation data.
The working of HSMU hypothesis requires MSSM as an extension of SM and implemented
in two steps. In the first step, we follow bottom-up approach, where the CKM mixing
angles (θq12, θ
q
13, θ
q
23) and the Dirac phase (δ
q
CP ) of quark sector [41] are evolved through SM
renormalization-group (RG) equations [42] from a low scale (MZ , mass of the Z boson) to the
supersymmetry (SUSY) breaking scale. From the SUSY breaking scale to the unification
scale, evolution is governed by MSSM RG equations [42]. After obtaining CKM mixing
parameters at the unification scale, following HSMU hypothesis, we equate them to the
PMNS mixing parameters at same scale, i.e. θ0,q12 = θ
0
12, θ
0,q
13 = θ
0
13, θ
0,q
23 = θ
0
23 and δ
0,q
CP = δ
0
CP .
The neutrino masses (m01, m
0
2, m
0
3), at the unification scale, are taken as free parameters.
Here, the superscript “0” denotes the corresponding values at the unification scale.
In the second step, we follow top-down approach. We evolve the mixing parameters
and masses of neutrinos from the unification scale to the low scale. The running of mixing
parameters and masses from the unification scale to SUSY breaking scale is governed by
MSSM RG equations. From the SUSY breaking scale to low scale, the evolution occurs
through SM RG equations. Keeping the present experimental status of SUSY searches [43]
in mind, we have chosen the scale of SUSY breaking as 2 TeV and the value of tanβ to be
55. Moreover, the unification scale is taken to be 2× 1016 GeV, the typical scale for GUTs.
These values have been taken in most part of our work unless otherwise specified.
The RG equations for the running of mixing angles and masses are coupled partial dif-
ferential equations [42] which cannot be solved analytically. However, the dominant contri-
bution to the running of the mixing angles can be approximately given by
dθ12
dt
∝
m2
∆m221
dθ13
dt
,
dθ23
dt
∝
m2
∆m232
(1)
where t = ln(µ) and µ is the renormalization scale. Also, m is the mean mass of neutrinos
and ∆m2ij = m
2
i − m
2
j (i, j = 1, 2, 3) represents the mass square differences. As is clear
from (1), in order to achieve large angle magnification, the neutrino masses at unification
scale should be chosen to be quasi-degenerate with normal hierarchy. As mentioned earlier,
like Majorana case, in this case also, the inverted hierarchy for neutrino masses turns out
to be incompatible with HSMU hypothesis. Furthermore, we choose the neutrino masses
5such that all the oscillation parameters, at low scale, fall in the present experimental 3-σ
range obtained from the global analysis [44]. In our work, the RG evolution of masses and
mixing parameters of quarks and neutrinos has been computed at two-loop level using a
MATHEMATICA based package REAP [45].
It should be noted that there are only three input free parameters and we are fitting
five experimentally known numbers as output parameters. Hence, it is an over-determined
problem and there may be no solution at all. The fact that there exists a solution correctly
fitting all the oscillation data is quite remarkable. Moreover, as we show later, the allowed
HSMU scale is consistent with the GUT scale, despite not using the information about gauge
coupling unification at any place in our analysis. This is quite significant and interesting in
itself. This shows that perhaps there is some element of truth in the HSMU hypothesis.
The RG evolution of the neutrino masses, quark and neutrino mixing angles, neutrino
Dirac phase and JCP from the unification scale (2 × 10
16 GeV) to low scale (MZ), for
certain typical values, is shown in Figure 1. In plotting Figure 1, the values of quark
mixing parameters at unification scale, obtained from bottom-up running, are: θ0,q12 = 13.02
◦,
θ0,q13 = 0.17
◦, θ0,q23 = 2.03
◦ and δ0,qCP = 68.93
◦. According to the HSMU hypothesis, the
neutrino mixing parameters at unification scale are taken to be same as those of quark
mixing parameters. We choose neutrino mass m02 = 0.1925 eV and mass square differences
∆m221 = 3.113× 10
−4 eV 2, ∆m232 = 5.689× 10
−3 eV 2 at the unification scale. Starting with
these initial conditions, we obtain following values of oscillation parameters, after top-down
running, at low scale: θ12 = 31.01
◦, θ13 = 7.63
◦, θ23 = 52.17
◦, δCP = 27.21
◦, m2 = 0.1745
eV, ∆m2sol = 7.817× 10
−5 eV 2 and ∆m2atm = 2.436× 10
−3 eV 2. It is clear from above data
that all the low scale oscillation parameters are within their 3σ range.
The sum of neutrino masses at low scale, corresponding to the above mentioned values,
turns out to be
∑
mi = 0.530 eV. The recent cosmological upper limit, from Planck collab-
oration, on the sum of neutrino masses is
∑
mν < 0.72 eV (Planck TT+lowP) [46]. The
sum of masses obtained from our analysis satisfies this limit. Finally, the “averaged electron
neutrino mass” obtained from our analysis is 〈me〉 = 0.174 eV which is slightly below the
present reach of KATRIN experiment [47]. However, it may be of interest to future exper-
iments [48, 49]. A more detailed analysis of the allowed ranges for various parameters will
be presented in a future work [50].
As shown in Figure 1, owing to the hierarchical nature of quark masses, the quark mixing
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FIG. 1: The RG evolution of the neutrino masses mi(i = 1, 2, 3), quark θ
q
ij (i, j = 1, 2, 3) and
leptonic mixing angles θij , neutrino Dirac phase δ and JCP with respect to the RG scale µ, from
the unification scale (2 × 1016 GeV) to low scale (MZ). The SUSY breaking scale and tan β are
taken as 2 TeV and 55, respectively.
angles change very little between the two scales. In the neutrino sector, the masses have
normal hierarchy pattern and because of our choice of quasi-degenerate masses, large angle
magnification occurs. The small and non-zero value of θ13, at low scale, can be attributed
to the smallness of the quark mixing angle θ0,q13 which is taken as the initial value for the
neutrino mixing angle θ013.
It is clear from (1) that the low scale values of mixing angles θ13 and θ23 are correlated as
shown in Figure 2. In order to highlight this correlation, the value of θ12 at low scale is held
fixed at 30.60◦, which is near the lower end of allowed 3-σ range. The purpose of this choice
is only to illustrate our results. The effect of the variation of θ12 is small and will not change
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FIG. 2: The behaviour of leptonic mixing angle θ13 with θ23. In plotting this figure we have kept
θ12 fixed at its lower end of the 3-σ range and all other oscillation parameters within their 3-σ
range.
our conclusions. We observe that correlation between θ13 and θ23 evolves linearly. For the
present 3-σ range of θ13 [44], we find that θ23 lies only in the second octant and towards
the upper end of its 3-σ range. This is a novel and robust result of this work. The effect of
variation of all other parameters, including θ12, do not change this prediction. In addition
to this, the non-zero value of θ13, within its 3-σ range, is a natural outcome of this analysis.
The issue of full allowed parameter space for our predictions is the subject of future study
[50]. Our predictions for θ13 and θ23 are unambiguous and can serve as an important test for
the HSMU hypothesis. Various currently running and near future experiments such as INO,
T2K, NOνA, LBNE, Hyper-K, PINGU [51–56] have the potential to test our predictions.
So far in our analysis, we have kept the SUSY breaking and unification scales fixed at
2 TeV and 2 × 1016 GeV, respectively. As mentioned before, there are only three input
parameters which are used to determine five output parameters. Therefore, it is not obvious
that the HSMU hypothesis will work for any value of SUSY breaking and unification scales.
Hence, it is important to address the issue of sensitivity of our analysis with respect to the
choice of these parameters. Moreover, such an analysis also becomes important in the view
of SUSY searches at LHC [43].
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FIG. 3: The variation of ξ with SUSY breaking scale. The vertically shaded region is disallowed
by LHC SUSY searches [43] whereas the horizontal one lies outside the 3-σ range of ξ [44].
In Figure 3, we show the variation of SUSY breaking scale with respect to the parameter
ξ, where ξ = ∆m2sol/∆m
2
atm. The 3-σ range of ξ is (2.72 − 3.72) × 10
−2 which is obtained
from [44]. The parameter ξ is taken because it provides the tightest constraints on the
allowed parameter range for SUSY breaking scale. The values of ξ lying in the unshaded
region correspond to all the oscillation parameters at low scale being within their 3-σ range.
In plotting Figure 3, we have kept θ12 and θ13 fixed, at low scale, close to lower end of their
3-σ range. The lower bound on SUSY breaking scale comes from LHC searches which has
excluded SUSY up to 1.7 TeV in some scenarios [43]. The upper bound on SUSY breaking
scale is obtained from the 3-σ limit on ξ which turns out to be around 4× 106 GeV. Thus,
keeping above constraints in mind, the SUSY breaking scale ranges from 1.7× 103 GeV to
4× 106 GeV, within this framework.
Similar analysis can also be performed for the variation of unification scale. In Figure
4, we show the variation of unification scale with respect to ξ. We follow exactly same
procedure as in Figure 3, except that, we have fixed SUSY breaking scale at 2 TeV in this
case. The HSMU scale turns out to be consistent with the gauge coupling unification scale.
In fact, as can be seen from Figure 4, the HSMU hypothesis is consistent with low scale
neutrino oscillation data only if the HSMU scale is in and around the usual GUT scale. We
9further observe that lower bound on unification scale can be as low as 2× 1013 GeV.
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FIG. 4: The variation of ξ with unification scale. The shaded region lie outside the allowed
parameter range of ξ [44].
To conclude, at present, we do not know whether neutrinos are Dirac or Majorana parti-
cles. Only experiments can settle this long standing issue. Keeping this spirit, in this work,
we have investigated the HSMU hypothesis with Dirac type neutrinos. This hypothesis
assumes that the mixing parameters of quark sector become identical to those of neutrino
sector at some unification scale, which could be the GUT scale. In addition to this, we also
need MSSM as a natural extension of the SM. After taking quark mixing parameters equal
to the neutrino mixing parameters at unification scale, we run down the neutrino MSSM
RG equations from unification scale to SUSY breaking scale. From SUSY breaking scale to
low scale (MZ), the running is governed by SM RG equations. We show that under HSMU
hypothesis, RG evolution with quasi-degenerate masses can yield an explanation for large-
ness of leptonic mixing angles for Dirac neutrinos. Although this fact is known for Majorana
neutrinos [28–31, 57], it was not confirmed for Dirac neutrinos [42]. After RG evolution, we
obtain all the neutrinos oscillation parameters, at low scale, within their 3-σ range [44].
From this analysis, we have a clear and unambiguous prediction that θ23 is non-maximal
and lies only in the second octant. This predictions is novel and robust. The precise deter-
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mination of this angle is important to extract information about other oscillation parameters
including δCP . The range for θ13 is also tightly constrained. Moreover, the normal hierar-
chy and quasi-degeneracy of neutrino masses, essential to our analysis, can also provide an
important test for this framework. These predictions can be examined in present and the
future experiments like INO, T2K, NOνA, LBNE, Hyper-K, PINGU [51–56].
We have also derived constraints on the allowed range of the SUSY breaking scale and
unification scale. The lower bound on SUSY breaking scale comes from the experimental
SUSY searches [43]. The upper bound on SUSY breaking scale, derived in this work, turns
out to be around 4×106 GeV. Also, the unification scale for HSMU hypothesis can be taken
anywhere from the usual GUT scale down to about 2× 1013 GeV.
Acknowledgments
RS would like to thank R.N. Mohapatra, E. Ma, J.W.F. Valle, R. Laha and A. Menon
for their valuable comments and suggestions. The work of SG is supported in part by the
CNPq, Brazil grant 151112/2014-2.
[1] F. Alessandria, E. Andreotti, R. Ardito, C. Arnaboldi, F. T. Avignone, III, M. Balata, I. Ban-
dac and T. I. Banks et al., arXiv:1109.0494.
[2] M. Auger et al. [EXO Collaboration], Phys. Rev. Lett. 109, 032505 (2012), arXiv:1205.5608.
[3] A. Gando et al. [KamLAND-Zen Collaboration], Phys. Rev. Lett. 110, no. 6, 062502 (2013),
arXiv:1211.3863.
[4] M. Agostini et al. [GERDA Collaboration], Phys. Rev. Lett. 111, 122503 (2013),
arXiv:1307.4720.
[5] P. Minkowski, Phys. Lett. B 67, 421 (1977).
[6] M. Gell-Mann, P. Ramond and R. Slansky, Conf. Proc. C 790927, 315 (1979),
arXiv:1306.4669.
[7] T. Yanagida, Conf. Proc. C 7902131, 95 (1979).
[8] S. L. Glashow, NATO Adv. Study Inst. Ser. B Phys. 59, 687 (1980).
[9] R. N. Mohapatra and G. Senjanovic, Phys. Rev. Lett. 44, 912 (1980).
11
[10] E. Ma and R. Srivastava, Phys. Lett. B 741, 217 (2015) [arXiv:1411.5042 [hep-ph]].
[11] E. Ma and R. Srivastava, arXiv:1504.00111 [hep-ph].
[12] R. N. Mohapatra and J. W. F. Valle, Phys. Rev. D 34, 1642 (1986).
[13] N. Arkani-Hamed, L. J. Hall, H. Murayama, D. Tucker-Smith and N. Weiner, Phys. Rev. D
64, 115011 (2001), hep-ph/0006312.
[14] F. Borzumati and Y. Nomura, Phys. Rev. D 64, 053005 (2001), hep-ph/0007018.
[15] R. Kitano, Phys. Lett. B 539, 102 (2002), hep-ph/0204164.
[16] S. Abel, A. Dedes and K. Tamvakis, Phys. Rev. D 71, 033003 (2005), hep-ph/0402287.
[17] H. Murayama, Nucl. Phys. Proc. Suppl. 137, 206 (2004), hep-ph/0410140.
[18] A. Y. .Smirnov, hep-ph/0411194.
[19] R. N. Mohapatra, S. Antusch, K. S. Babu, G. Barenboim, M. -C. Chen, S. Davidson, A. de
Gouvea and P. de Holanda et al., hep-ph/0412099.
[20] K. Dick, M. Lindner, M. Ratz and D. Wright, Phys. Rev. Lett. 84, 4039 (2000),
hep-ph/9907562.
[21] H. Murayama and A. Pierce, Phys. Rev. Lett. 89, 271601 (2002), hep-ph/0206177.
[22] K. Abe et al. [T2K Collaboration], Phys. Rev. Lett. 107, 041801 (2011), arXiv:1106.2822.
[23] P. Adamson et al. [MINOS Collaboration], Phys. Rev. Lett. 107, 181802 (2011),
arXiv:1108.0015.
[24] F. P. An et al. [DAYA-BAY Collaboration], Phys. Rev. Lett. 108, 171803 (2012),
arXiv:1203.1669.
[25] J. K. Ahn et al. [RENO Collaboration], Phys. Rev. Lett. 108, 191802 (2012), arXiv:1204.0626.
[26] Y. Abe et al. [Double Chooz Collaboration], Phys. Rev. D 86, 052008 (2012), arXiv:1207.6632.
[27] S. Antusch, Nucl. Phys. Proc. Suppl. 235-236, 303 (2013), arXiv:1301.5511.
[28] R. N. Mohapatra, M. K. Parida and G. Rajasekaran, Phys. Rev. D 69, 053007 (2004),
hep-ph/0301234.
[29] R. N. Mohapatra, M. K. Parida and G. Rajasekaran, Phys. Rev. D 71, 057301 (2005),
hep-ph/0501275.
[30] R. N. Mohapatra, M. K. Parida and G. Rajasekaran, Phys. Rev. D 72, 013002 (2005),
hep-ph/0504236.
[31] S. K. Agarwalla, M. K. Parida, R. N. Mohapatra and G. Rajasekaran, Phys. Rev. D 75,
033007 (2007), hep-ph/0611225.
12
[32] G. Abbas, S. Gupta, G. Rajasekaran and R. Srivastava, Phys. Rev. D 89, 093009 (2014)
[arXiv:1401.3399 [hep-ph]].
[33] R. Srivastava, arXiv:1503.07964 [hep-ph].
[34] G. Abbas, S. Gupta, G. Rajasekaran and R. Srivastava, Work under progress
[35] N. Haba and R. Takahashi, Europhys. Lett. 100, 31001 (2012), arXiv:1206.2793.
[36] H. Georgi, Particles and Fields (1980). by Carlson, C. E. (eds.) A.I.P., 1975, p. 575.
[37] H. Fritzsch and P. Minkowski, Annals Phys. 93, 193 (1975).
[38] S. Antusch and V. Maurer, Phys. Rev. D 84, 117301 (2011) [arXiv:1107.3728 [hep-ph]].
[39] D. Marzocca, S. T. Petcov, A. Romanino and M. Spinrath, JHEP 1111, 009 (2011)
[arXiv:1108.0614 [hep-ph]].
[40] S. Antusch, J. Kersten, M. Lindner and M. Ratz, Nucl. Phys. B 674, 401 (2003)
[hep-ph/0305273].
[41] Z. -z. Xing, H. Zhang and S. Zhou, Phys. Rev. D 86, 013013 (2012), arXiv:1112.3112.
[42] M. Lindner, M. Ratz and M. A. Schmidt, JHEP 0509, 081 (2005), hep-ph/0506280.
[43] N. Craig, arXiv:1309.0528.
[44] F. Capozzi, G. L. Fogli, E. Lisi, A. Marrone, D. Montanino and A. Palazzo, Phys. Rev. D 89,
no. 9, 093018 (2014) [arXiv:1312.2878 [hep-ph]].
[45] S. Antusch, J. Kersten, M. Lindner, M. Ratz and M. A. Schmidt, JHEP 0503, 024 (2005),
hep-ph/0501272.
[46] P. A. R. Ade et al. [Planck Collaboration], arXiv:1502.01589 [astro-ph.CO].
[47] G. Drexlin, V. Hannen, S. Mertens and C. Weinheimer, Adv. High Energy Phys. 2013, 293986
(2013), arXiv:1307.0101.
[48] F. Gatti, M. Galeazzi, M. Lusignoli, A. Nucciotti and S. Ragazzi, arXiv:1202.4763.
[49] E. Ferri [MARE Collaboration], Nucl. Phys. Proc. Suppl. 237-238, 54 (2013).
[50] G. Abbas, S. Gupta, G. Rajasekaran and R. Srivastava, under preparation.
[51] M. S. Athar et al. [INO Collaboration], INO-2006-01.
[52] K. Abe et al. [T2K Collaboration], Nucl. Instrum. Meth. A 659, 106 (2011), arXiv:1106.1238.
[53] R. B. Patterson [NOvA Collaboration], Nucl. Phys. Proc. Suppl. 235-236, 151 (2013),
arXiv:1209.0716.
[54] C. Adams et al. [LBNE Collaboration], arXiv:1307.7335.
[55] E. Kearns et al. [Hyper-Kamiokande Working Group Collaboration], arXiv:1309.0184.
13
[56] S. -F. Ge and K. Hagiwara, arXiv:1312.0457.
[57] J. A. Casas, J. R. Espinosa and I. Navarro, JHEP 0309, 048 (2003) [hep-ph/0306243].
